In March 2014, an infection with the nematode Dirofilaria repens was diagnosed in a German citizen in the federal state of Saxony-Anhalt. The patient had developed an itching subcutaneous nodule containing a female worm, which was identified as D. repens by 12S ribosomal ribonucleic acid (rRNA) gene sequencing. Autochthonous human D. repens infections have not been described in Germany so far, but this finding is consistent with the recent detection of D. repens in mosquitoes from east Germany.
Here we report the clinical and laboratory findings of the first autochthonous Dirofilaria infection acquired in Germany, diagnosed in early 2014.
Case description
A previously healthy German citizen aged in the late thirties was seen at a maxillofacial surgery centre in Dessau (federal state of Saxony-Anhalt), Germany, on 26 February 2014, with a subcutaneous nodule on the right temple. The lesion had developed over the past four weeks and was accompanied by an itching sensation and occasional stabbing pain with increasing intensity. The patient did not report fever or any other symptoms. On examination, a discrete pea-sized skin nodule without surrounding inflammation was found, which was excised under local anaesthesia.
Investigation of the cause of infection
Histopathological examination of the excised 8 × 4 × 3 mm nodule revealed yellowish tissue with multiple longitudinal and transverse sections through a nematode ( Figure 1 ). The organism was surrounded by a dense inflammatory infiltrate, which contained eosinophils, macrophages, epitheloid cells, lymphocytes, and a few multinucleated giant cells. The nematode's cuticle showed external ridges suggesting a Dirofilaria infection. Internal structures, like a folded paired uterus and a digestive tract were clearly visible. 
Follow-up of the patient
Fourteen days after the operation, the patient was referred for further diagnostic work-up. On physical examination, cardio-pulmonary, abdominal and neurological status was normal. A chest X-ray and abdominal ultrasound revealed no pathology. Full blood count revealed 7% eosinophils (normal range <7%) and a total leukocyte count of 7.5 Gpt/L (normal range: 3.8-10.5). Erythrocyte sedimentation rate (ESR) and routine clinical laboratory tests were normal.
Investigation of possible sources of infection
During the last 37 years, the patient has been living in the state of Saxony-Anhalt, in a farm house in a small village close to the river Elbe. The patient owns a pet dog and several horses. Parasitological examination of blood drawn from the patient's dog was negative for microfilariae. Except for a one-day trip to Poland, in mid-December 2013, and a short vacation trip to the Czech Republic in winter 2012, the patient had not travelled elsewhere within the past five years. The patient is a passionate angler and used to catch fish in two nearby quarry ponds in the Bitterfeld region, SaxonyAnhalt. The patient recalled multiple mosquito bites during fishing sessions in September 2013, and while working on farm house fields. The whole area was affected by the floods from the nearby Elbe river in summer 2013, and many farm fields remained partially flooded for a prolonged time.
Background
D. repens is a filarial nematode of dogs and other carnivores as definitive hosts. Similar to other filarial species, microfilariae of D. repens are transmitted by mosquitoes, and fertile macrofilariae develop in the natural definitive host. Humans may become infected as abberant hosts and with a few exceptions, the worm remains infertile, and therefore microfilariae are not produced [2] . The incubation time in human infections is not well defined but has been estimated to range between four and eight months [3] .
Clinically, a single subcutaneous nodule is most often present [4, 5] . Local swellings with changing localisations, caused by migrating worms, may occur [6] . Only rarely, cases of organ infection have been described, affecting the lungs, genitals, breasts, or the eye [4, 5] . Recently, a severe meningoencephalitic infection in a traveller returning from India and Sri Lanka has been described and the capacity of filariae to cause lifethreatening disease has been demonstrated [6] .
Diagnosis may be achieved parasitologically, when a living and intact worm can be extracted and inspected, or histopathologically, after surgical excision of the infected tissue. As there are numerous and morphologically very similar zoonotic Dirofilaria species, molecular identification of the organism should be aimed for [6] . Eosinophilia and positive Dirofilaria serology may be present [6] . In infections affecting the skin only, surgical removal of the parasite is effective and usually no further treatment is required. In generalised infections, however, additional systemic therapy with albendazole is recommended [6] .
Human Dirofilaria infections have been reported in Africa, Asia and also in Europe where dirofilariasis is an emerging zoonosis [7] . The areas in Europe where endemicity of D. repens has been solidly established, concern countries of the Mediterranean region [7] , where the warmer climate facilitates the development of infectious larvae in mosquitoes. However, during the past decade, several sporadic autochthonous human and canine cases of dirofilariasis have been reported from countries further north in central Europe, including Austria, the Czech Republic, and Poland [8] [9] [10] . Until recently, central Europe, including Germany, was not considered a region in which D. repens is endemic. However, the recent finding of D. repens-infected dogs and mosquitoes in east Germany in the federal state of [12] . The years of detection are indicated beside each coloured circle.
Autochthonous human case Infected dogs
Mosquitoes testing positive for D. repens DNA Brandenburg (which is located next to Saxony-Anhalt) [11, 12] , as well as infected mosquitoes in southwest Germany [13] suggested that stable transmission of D. repens is already taking place in Germany as the northernmost transmission area in Europe so far [11, 12] . The present case of an autochthonous human infection in east Germany lends further support to this notion.
Discussion and conclusions
This is the first report of a laboratory-confirmed autochthonous human Dirofilaria infection in Germany. Infected mosquito populations have recently been detected in Saxony-Anhalt (data not shown), close to where the patient resides. The case highlights that shortly after the repeated detection of the parasite in local mammalophilic mosquito populations, human infections may occur (Figure 2 ).
The case's dog was not infected and thus not the reservoir of the worm. The geographical location where the case's infection most probably occurred was in the federal state of Saxony-Anhalt, where the patient had been affected from multiple mosquito bites on farm grounds and while fishing. The area was severely affected by the Elbe river floods, a circumstance, which may have greatly facilitated an increased transmission rate of D.
repens. An infection of the case outside of Germany is highly unlikely as the visits to Poland (3 months prior to signs of infection) and the Czech Republic (over 1 year prior) were both in the wintertime with no mosquito activity. Moreover, the reported incubation period of four to eight months fits well with an infection in late summer 2013 in Germany, where, during this time, the case reported having been bitten by mosquitoes.
At present, the true burden of D. repens infections in Germany is unknown as data on parasite prevalence in both humans and dogs are not available. However, the data available stress the need for timely information of physicians to increase awareness for the disease, and veterinarians to implement control measures, such as treatment of infected dogs and other canines to reduce the parasite burden and thus the transmission likelihood.
